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gradient fields, and that therefrom a two-dimensional nuclear magnetization 
distribution can be reconstructed. This method is referred to as the 
"echo-planar method" and is described in an article by P. Mansfield and I, L. 
Pykett, entitled "Biological and Medical Imaging by NMR", published in Journal 
of Magnetic Resonance, 29, 1978, pages 355-373, and also in an article by L. F. 
Feiner and P. R. Locher, entitled: "On NMR Spin Imaging by Magnetic Field 
Modulations", published in Applied Physics 22, 1980, pages 257-271. The 
echo-planar method utilizes time-dependent magnetic field gradients during the 
measurement of the FID signal. The echo-planar method enables a complete 
two-dimensional image to be obtained within the duration of a single FID 
signal. The determination of the nuclear magnetization distribution in a slice 
of the body to be examined is achieved by using, in addition to the uniform 
magnetic field, for example in the z-direction, for example, a magnetic field 
gradient G. sub.z in the same direction and at the same time a (90. degree.) 
high-frequency, amplitude-modulated pulse in order to generate an FID signal in 
a slice having an effective thickness . DELTA. z. Immediately after the 
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Brief Summary Text - BSTX (4) : 

Despite the obvious advantages of EPI, there are particular problems in 
cardiac imaging. The heart moves in three dimensions not two and EPI being a 
two dimensional technique, is unable to follow object motions in and out of the 
imaging plane. This problem of motion along the third axis is exacerbated by 
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Abstract Text - ABTX (1) : 

The invention provides a method of monitoring the vasodilatory or 
vasoconstrictive effects of a physiologically active substance administered t 
a human or non-human animal body, said method comprising the steps of: 
administering said substance into said body; administering into the systemic 
vasculature of said body a contrast enhancing amount of an intravascular 
paramagnetic metal containing magnetic resonance imaging contrast agent; 
subjecting said body to a magnetic resonance imaging procedure capable of 
generating from magnetic resonance signals from said body a series of 
temporally spaced images of at least a part of said body into which said agen* 
passes, said procedure being a fast imaging procedure having an image 
acquisition time of less than five seconds; and detecting temporal variations 
in said signals or images whereby to monitor the vasoconstriction or 
vasodilation induced by said substance. 
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Brief Summary Text - BSTX (11): 

The method of the present invention is preferably carried out u 
spin-echo techniques. Alternatively and also preferably the metho 
carried out using a so-called fast or ultra fast imaging techniq 
enable a series of T.sub.2 * dependent images to be generated with 
possible a time interval between successive images. For this reas 
techniques capable of generating images with time intervals of les 
seconds, especially less than 0.5 seconds and more especially less 
milliseconds, are particularly preferred. Thus, in general, techn 
spin echo, gradient echo, TurboFLASH, and most especially the vari 
of echo planar imaging (EPI), are particularly suitable for use in 
with the method of the invention. 
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Brief Summary Text - BSTX (15): 

In one embodiment of the method of the invention^ using a fast imaging 
procedure, the determination of the location and severity of ischaemia is 
effected by determining the time dependence of the MR signal intensity for th 
voxels in the seconds following administration of the contrast agent, and 
generating an image where voxel image intensity value is dependent on the tim 
post -administration at which MR signal intensity for that voxel is lowest. 
Normal tissue reaches minimum MR signal intensity sooner than ischaemic tissu 
and the resulting image thus enables the spatial extent and local severity of 
blood flow abnormality to be visualized. Alternatively, a similar image may 
generated by making the voxel image intensity value dependent on the time tak 
before voxel MR signal intensity reattains a pre-selected control value, e.g. 
its pre-injection value or a percentage of that value (for example 80%) . 
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Detailed Description Text - DETX (15) : 

Tvjo and three-dimensional Fourier Transform ( 2-D FT and 3-D FT) methods are 
the most common MR image formation techniques currently in use. The Nuclear 
Magnetic Resonance (NMR) signal is digitally sampled using a phase sensitive 
detector, usually in phase and in phase quadrature. The image data is related 
to the signal or raw data, via a two or three-dimensional discrete Fourier 
Transform (2D-FT or 3D-FT) , as described in, for example Callaghan, 1993, 
Chapter 3. In a 2D-FT sequence, denoting the signal as SCk.sub.x, k.sub.y,) 
and the image data as . rho . (x,y), where r denotes the position vector in 
image space, and k the vector in the conjugate Fourier space, the 
interrelationship between S (k. sub. x, k. sub. y) and .rho. (x,y) are as shown in 
equations 10 and 11: 
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Brief Summary Text - BSTX (9) : 

CT imaging and MRI are tw of the most frequently used imaging modalities 
because both provide detailed pictures of the internal anatomy of a patient. 
The instruments that employ these imaging techniques provide data that in 
appearance is 2-D or 3-D. However, the 3-D images, as stated^ are a collection 
of 2-D samples, in this form of slices or sections, of the anatomy that have 
been combined to create a 3-D images. More specifically, to recreate the 3-D 
images from the 2-D image samples, the physician, scientist, or other skilled 
professional must recombine the 2-D image samples (slices or sections) of the 
anatomic elements (organs, tumors, surgically-implanted prostheses, etc. ) A 
common way to recombine 2-D image samples to form 3-D images is to manually 
draw individual contours on a contiguous set of 2-D image slices or sections 
using computer graphics. Once these manually drawn contours are made, they are 
assembled to accurately construct 3-D representations of organs, tumors, and 
the like. The resulting 3-D reconstructions convey to the viewer the relative 
sizes, shapes, and mutual spatial relationships among the anatomic elements in 
the same anatomical scale as the original. 

Brief Summary Text - BSTX (11): 

As stated, 3-D reconstructions of patient anatomy are most often prepared 
using computer graphics by manually drawing the individual contours on a 
contiguous set 2-D image slices or sections and then combining them. This 
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ing hicrused mBSs-efTBct and hyperintoisity (odema) 
khroughout the MCA territory. The difttribnte of 
btcreated signal inteisity oorr^ated weU anatomically 
with re^lona of perftision deficiency defitoastrated with 
DyDTPA-BM^-enhanced MR hnagb^. A continuing ^ 
dose an a to mi c oorrespondenoe between areas of perdi- 
tion defidt and edematous regtoni was SMn 9 hours azid 
11 hours post occlusion. In subsequent TTC4tained 
coronal section^ these areas were found to exhlbh char- 
acteristics typical of ischemic tissue ii^ury, such as 
lor of staining, coagulation necrosis, and glial prolifera* 
tion. 

These results confirm that MS contrast agent cn* 
hanced MRI can significantly advance the time of de- 
tection of cerebral iacbemic insults. Evidence of stroke- ^ 
mduoed pexfUsion deficits was observed in the MCA 
territory as early as 43 minutes post-occlusion using 
contrast-enhanced MRI, whereas T2^eighted spin- 
echo Images without contrast did not demonstrate in- 
creased signal intensity until 2-3 hours after ocdvsion. ^' 

Contrast in T^weighted spin-echo MRI can be pro- 
duced by changes in the mkroscoplc magnetic fields 
experienced by protons undergoing molecular di^ 
sion. These field grtdientt came spin debasing and loss 
of spin et^o signal intensity. Field gradients arise at the ^ 
bterftoe of two volumes with different magi^ic uifi- 
ccpulnlitics and thus different induced magnetic fields. 

The presence of paramagnetic chelates can alter the 
magnetic susceptibility of tssrae. In the brain, since the 
chelates are confined to the intravascular space by the ^ 
blood-brain barrier, a field gradient is induced between 
Uie capillary space and surroundiitg (perfused) tissue 
renting in sign ifi cant sigtial loss, Thne results ahow 
that this approach to MR contrast cnhanocment can be 
used to diffcfenttate ischemic fcom normally perfbsed 90 



pyDTPA-BMA. we have found that quantitative spa- 
tial and temporal assessment of stroke aOected tissue, 
may be made. This dou^e reduction farther xncreasea 
both the potential sensitivity and the safety profile of 
the method of the Invention. 

The advantage of using echo planer MRI with a MS. 
centrist agent ia^ bnages may be acquired continu- 
ously before; during and after contrast if^ection. This 
allows the time ooune of the contrast agent passage . 
through a tissue to be monitored and to obtain images at 
the mtT^inium contrsst dotage. 

Echo planar images on tl% OE CSI 2 Tesla were 
acquired in a sequftmifll fashion. Sixteen images were 
obtiuned one each second or less» each image possessing 
a 66 msec tcqukitxoD time with a data matrix of 64x64 
pisuls over a 60x 60 mm fiald-of-view. The sHce thick- 
ness was 3 mm. Tl» echo-planar tequence wu that of a 
gradient-echo nature, with the time of echo (TE) value 
adjusted to maifmiie the Ts^-ahortenlAg contrast effect. 

What b claimed is: 

1 A method of detecting^^egions of blood flow ab% 
normality or variation in a human or non^tmoan body, 
said method comprising.the'steps administeri ng 
into ^e^rdlovAacular.system^^.said-^oSy-a.craUjria^ 
enhafia ^jmount o f Tpa ranutgnctic metal containing 
m^^e^resonftu^^^l^ contraM agent, @si&ject- 
in|BsHbody to a magnetic reaom^eliaagfeg proce- ' 



A ftuther notable advantage of the method of the 



dC ic ami u bUiiiilng Trsenes o f twnp nfU y ■ p un ft ^ j nag" 
n etfcjffg^MC iignals^or -toageO rom rejt tena m a t 
lea^part^laia oody^to wntcn sj^ ag ^pasaeitffl 
detecting temporal variadons in' said s^Is or un^oT 
and (4 ^ identif ying fromiaaid-^ ^bfal variatio ns'in S»ad 
signals or images regions of atmonna]arniodi^^^~ ' 
flow in said body and proyidijig ^anantitative mdica- 
tion ofthrdegrec^fbloS^'Sowfl^ormallity ormoSiP' 

X A^method^of-deticdng^S'quii^^ 
ing the severity and spatial extent of ischemic retgions in 
a huoj^ or non-human body, said method comprxsisg 
the steps of (1) arimimstmng.into the cardiavascUlar 
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p&a&e encoomg stepi 32azul60 oftbe 128 p&fiss en^dUig- 
sifip acquisitions. FIGS. 234 !r and c and 24a. 6 asd c show 
the zeconied ixm^ st 128 and 280 minutes (the Imflges), 
the comoor xxutps of hypatensity (the (b) imzges showing 
the Ttfercncc artOB (100%) of l^ie tmaSected heznuphere) 
Slid the »ipeqK)sitions of the MR images and the conxour 
is^ (the (c) imagfiA). At 128 uusutes sev^o diSeiem 1^ 
regions of peifuaian deficiency were identlfled. This hetero- 
geniclty of the peiAislon deficiency is to be expected eaily 
in the course of a coebml tsdiBemia. At 280 minutes the 
[soeased levels of bypeanteonly coo&mwoisQnng perfu- 
sion deficit in most faiainteglonft but the heterogeneity of the 20 
hypennteosity suggests that some brain aieas may stiU letam 
some Uood flow. 
We claim: 

1. A mdthod of momtDmig the vajaJjlatary or vasocoa- 
stxictive efibcts of a pfaysioIogicaUy active substance admin- 
istcied to a human or mm-inunaa bocty* said ffiPt hod CGm- 
prisi^g the steps of: admlnisiedng said nibstsnoe into said 
body, edminifteriQg into the systemic vascolatuie of said 
body a contrast eahandi^ amount of an intravascular para- 
magflddc metal containing iTtftgiirtic resonance inogins 
cootiaBt agent; subjecting body to a magnetic resonance 
imaging procedure capable of genaiatlag fipom mfigi»tic 
resonance signals ftozn said body a series of tempKally 
spaced imagea ofaile&stfipaitQf said body into ^i^iich said 
agent pass^ said procedoxe being a fast imaging piocedme 
having an image aoquisitLon time of Iras dian five sficcmds; 
sod detectiAg tenqxsal variations in said slgimls or in^gcs 
vfhexdby to monitor the vasocosutziction or vasodilation 
induced by said substance. 

1 A mdhod according to claim 1 wherein said contrast 40 
agent compdaes a phyaiologi^y tolerable oonqilex of a 
paramagnedc lamhanlrle Ion or a pl^siologically tolerable 
salt of sudi a chelate. 

3. A method accordir^ to dalm 2 wherein said contrast 
agent is a chelate complex of a ion selected from the 45 
paramagnetic ions of Yb* Tm, I>y, Ha Er and Cd, or a 
physiologically tolerable salt thereof. 

4, A method according to daim 3 wherein said contrast 
agent is a chelate corrqilflx of DyCm) or a physlologleally 
tolerable salt thereof. so 
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11. A method aocoidiDg to any one of claims 1, 2, 4 or 8 
wherein said procedure is one having an image acqtosition 
time of less than 0^ seconds. 

12. A method according to any one of dslnu 1, 2, 4 or 8 
wheiBin said prooeduie is an echo planar imaging procedure. 

13. A m^hod according to az^ one of claiios 1, 2, 4 or 8 
wherein administration of said contrast agent is by bolus 
Injection. 

14. A method according to any one of claims 1, 2, 4 or 8 
oomprisir^ generating temporally spaced T^^ or 
Tj-weigfated in^ges. 

15. A method eocotding to daim 14 wherein said mag- 
oetic resonance ixn^ging pnK^edure is a spm-^cho or gradient 
echo procedure. 

16. A medxod according to daim 14 comprising generat- 
ing and con^adng Tj-weighted images ox signals tians- 
fbrmable thereto and Tj* or T^-weighted images or signals 
transformable thereto whereby to Ideotlj^ body regilons in 
which blood perfusion occurs. 

17. A mettiod according to claim 1 being a method of 
detecting body regions of blood flow deficit in which blood 
perfusion is diamally or chemically modified, 

18. A method according to daim 1 wherein said contrast 
agent cnrnprlflag a pl^si^ogically tolerable complex of a 
paramagnetic transition metal ion or a physiologicBlly tol- 
ecable salt of such a chelate. 

19. A method eccordhig id daim 8 ^^seitin said contrast 
agent is administered as a contrast '^►frfii-tfn composition 
compdsizig DyDT7A-BMA and CaNaDTPA-BMA in a 
molar ratio of about 2Chl. 

20. A method of monitoring the ^^sodHatory or vasooon- 
stricdve effects ol a physiologically active substance admin- 
istersd to 8 human or ison-hnman animal body said method 
comprising administering said substance into said bo<^. 
administering iaJto the systemic vasculature of said body a 

metal containing magnetic susceptifaiUty magnedc reso- 
nance imaging contrast ^gent, sul^jectix^ said body to a 
TT^i ^gHc .resonance jmag iT ^ piocxdure capable of ^Mm ttm 
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the reference areAS (100%) of the uoaffected hemis^ere) lo 
Acd the KiqicipasLtioss of the MR inugcs and the contemr 
iziA|]s (the (c) inuges). At 128 minutes seven di&rent 
regioQS of peifusion deflcieccy were ideittifled. This hetero- 
gemdiy of the perfusion defldency is to be expected eady 
in the couise of a cerebral i^Tch^p-T"" At 280 zniautes the 15 
increased levels of hyperintensity coofirm worseoins perfo- 
sion dc£cit in motSt brain regions but the hctcrcgeocity of the 
hyperintensity suggests that some brain areas may still retain 
some blood flow. 

V/g claim: 2D 

1. A method of monitoring suigically induced blood 
perfusion variations, said method comprising administerisg 
ft comrasi enhaadng ansouct of an intravascular paramag- 

r\tktit^m*>t*} f if^i tflfnTTig magr^tic SllSCetJt&ili ty^ ^Jgnetic 

resQgMCT ima^Sjr^atrast"^Rt.. ^ ^^ siemic'vAscu- 25 

un&rgpne'^rgery, siiGjecting body to s magoetlc 
'rekoiancrtma^ag procedure cy abUjof genei ying from 
nuLga^tic rcsQ pagoe^ sigiiflb_6om said body~a"&cncs ST 
tcSporallvroaccd i maqpspf at least a pat of sa jd.body.intg m 
whi ch^said_aae at,passcs. and detecting teinf«raL>^triagon§, 
fnjMiH gig naia or im agcs wbcicby to identic regions of 
surgically induc&l variations in bbod peifiision. ' 

2. A method 4ccordifig to claim 1 wherein said contra^ 
agjsnt comprises a physiologically tolerable complex of & ss 
paramagnettc lafithanfHB ion or a physiologically tolerable 
salt of such a chelate. 

3. A mediod according lo claim 2 wherein said contrast 
agent is a chel&te complex of a metal ion selected from the 
paramagnetic ions of Yb, Tm, Dy, Ho, £r and Od. or a 40 
physiologically tdcf able salt thereof 

4. A method according to claim 3 wherein said contrast, 
agent is a chelate complex of Dy(nD or a physiologically 
tolerable salt thereof. 

5. A method according to claim 1 wherein said contrast 4S 
agent comprises a physiologically tolerable ncc-ionic para- 
magnetic lanthinide chelate complex. 

6. A nteth(^ according to claim 2 wherein saui chelate 
complex is a complex of a linear, branched or macroc>'clic 
chelanl selected from poly&minopolycarboxylic acid 



9. A method accordiiig to daim 1 wherein said contrast 
agent is administered at a ctesagc of 0il2 to 3 mmoVkg 
bodyweight. 

10. A method according to claim 1 wherein said contrast 
agent is administered at a dosage of QXJ8 to 0.5 mmol/kg 
bodywei^. 

11. A method according to daim 1 wherein said magnetic 
resonance imaging procedure is a £ast imaging procedure. 

12. A method according to claim U wherein said fast 
imaging procedure is one having an image acquisition time 
of less than 5 seconds. 

13. A method according to daim 11 wherein said fast 
imaging procedure is one having an image acquisition time 
of less than OjS seconds. 

14. A method according to daim 1 wherein said magnetic 
resonance imaging procedure is an echo planar imaging 
procedure. 

15. A method according to claim 1 oompriaing generating 
temporally spaced T3* or Tj-wdghted images. 

16. A method according to daim 15 wherein said mag- 
netic resonance imaging procedure is a spin^dio or gradicm 
echo procedure. 

17. A method according to daim 15 oonQ)iising generat- 
ing and comparing T^^ei^itsi images or sfgnaU trans- 
formable thereto and T^* or Tj-weiglited images or signals 
transformable thereto whereby to identify body regions in 
which blood perfusion occurs. 

1^. A method acoonling to claim 1 being a method of 
detecting body regions of blood flow deficit. 

19. A method according to claim 18 toeing a methcKi of 
detecting ischemic regions. 

20. A method according to claim 1 wherein said contrast 
agent comprises a physiolt^cally tolerable complex of a 
paramagnetic transition metal ion or a pbysioh^ically tol- 
erable salt of such a chelate. 

21. A method according to claim 1 wherein said contrast 
agent is admini^ered as & contrast tnedium composition 
comprising DyDTPA-BMA and CaNaDTPA-BMA in a 
molar ratio of about 20:1. 



